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(67)  The invention relates to a method for regulating
a thermal control system (1) of a cabin (101) of a vehicle
(100), the cabin forming a user compartment (102) hav-
ing a driver seat (103) and a passenger seat (104), the
thermal control system (1) comprising a thermal unit (10)
and a control unit (20) capable of controlling the thermal
unit (10).

The method comprises:
- controlling the thermal unit (10) according to a main
command (CO0), with the aim of having an inside ambient
temperature (IAT) in the user compartment (102) equal
to a target temperature (Tt);
- collecting a so-called "sun data" representative of at
least one parameter which is related to the sun and which
may influence a first local temperature (T1) in the user
compartment (102), around the driver seat (103);
- depending on said sun data, providing a corrective com-
mand (C1) to the thermal unit (10) for correcting the main
command (CO0), in order to reduce the gap between the
first local temperature (T1) and the target temperature
(Tt);
- detecting whether a passenger is present, i.e. occupies
the passenger seat (104), or not;
- if a passenger is present, providing a modulating com-
mand (C2) to the thermal unit (10) for modulating the
corrective command (C1), in order to reduce the gap be-
tween the first local temperature (T1) and a second local
temperature (T2) in the user compartment (102), around
the passenger seat (104).

A METHOD FOR REGULATING A THERMAL CONTROL SYSTEM OF A CABIN OF A VEHICLE
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Description
TECHNICAL FIELD

[0001] The invention relates to a method for regulating
a thermal control system of a cabin of a vehicle.

[0002] The invention can be applied in light, medium
and heavy-duty vehicles, such as trucks, buses and con-
struction equipment.

BACKGROUND

[0003] A cabin of a vehicle is conventionally equipped
with a thermal control system which comprises a thermal
unit (HVAC Heater Ventilation and Air Conditioning) and
a control unit (including for example a control panel and
an ECU) capable of controlling the thermal unit. Thus,
the user compartment formed by the cabin can be heated
or cooled, with the aim of having an inside ambient tem-
perature close or equal to a target temperature.

[0004] A sun sensor in the cabin makes it possible to
detect the sun position and to give this information to the
HVAC ECU to provide a temperature correction. For ex-
ample, in a vehicle having the driver seat on the left, if
the sun is located on the left, then the temperature felt
by the driver is higher. As a result, the thermal control
unit is correctively controlled to provide less heat, to en-
sure an accurate driver’s thermal comfort.

[0005] With a multi zone thermal control system
(HVAC), the driver and the passenger can independently
set the target temperature to be reached around their
seats, according to their personal choices.

[0006] However, mostof the industrial vehicles are on-
ly equipped with a mono-zone thermal control system
(HVAC) which is only capable of changing the inside am-
bient temperature in the user compartment as a whole.
Thus, in case a temperature correction is provided owing
to a sun sensor, the temperature correction applies to
the whole user compartment. As a result, while the driv-
er's thermal comfort can be improved, the passenger’'s
thermal comfort can be worsen. With the above example,
the sun being on the left of the cabin, the driver feels the
heat of the sun behind the window, whereas the passen-
gerisin the shade and the temperature he feels is there-
fore lower. In addition, if the sun sensor makes an auto-
matic correction to improve the comfort of the driver by
sending him more cold air to oppose solar radiation, the
temperature around the passenger seat is further lower.
[0007] It therefore appears that there is room for im-
provement in the thermal regulation of a user compart-
ment of a vehicle cabin.

SUMMARY

[0008] Anobjectofthe inventionis to provide a method
for regulating a thermal control system of a cabin of a
vehicle which improves the thermal comfort for both the
driver and the passenger.

10

15

20

25

30

35

40

45

50

55

[0009] Another object of the invention is to provide
such a method which is efficient when the driver is alone
in the user compartment and when both a driver and a
passenger are present. In particular, an object of the in-
vention is to prevent the passenger comfort from being
degraded.

[0010] The invention relates to a method for regulating
athermal control system of a cabin of a vehicle, the cabin
forming a user compartment having a driver seat and a
passenger seat, the thermal control system comprising
a thermal unit and a control unit capable of controlling
the thermal unit. The method comprises:

- controlling the thermal unit according to a main com-
mand, with the aim of having an inside ambient tem-
perature in the user compartment equal to a target
temperature;

- collecting a so-called "sun data" representative of at
least one parameter which is related to the sun and
which may influence a first local temperature in the
user compartment, around the driver seat;

- depending on said sun data, providing a corrective
command to the thermal unit for correcting the main
command, in order to reduce the gap between the
first local temperature and the target temperature;

- detecting whether a passenger is present, i.e. occu-
pies the passenger seat, or not;

- if a passenger is present, providing a modulating
command to the thermal unit for modulating the cor-
rective command, in order to reduce the gap be-
tween the first local temperature and a second local
temperature in the user compartment, around the
passenger seat.

[0011] The modulating command makes it possible to
adapt the thermal control system regulation to various
situations, in particular to the presence of a passenger
or not, and to the effects of the sun on the local temper-
atures in the user compartment.

[0012] Consequently, the invention enables reaching
acompromise between the local temperature around the
driver seat and the local temperature around the passen-
ger seat. It therefore improves the thermal comfort for
both the driver and the passenger as compared to the
main command alone, and to the combination of the main
command and the corrective command.

[0013] These advantages can be obtained even with
a mono-zone thermal control system, which is a cost-
effective solution and does not require changing the ve-
hicle thermal control system.

[0014] The parameter may be one of: the sun presence
(for example if the sun is present or hidden by clouds, by
awall, etc.), the sun position relative to the vehicle cabin,
the sun intensity.

[0015] According to an embodiment, if no passenger
is present, then no modulating command is provided to
the thermal unit. Thus, in such a situation, the thermal
comfort is optimized for driver, and the second local tem-
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perature is not taken into account as it does not affect
anyone.

[0016] In an embodiment, the modulating command
consists in deactivating the corrective command. This
solution is easy to implement.

[0017] In another embodiment, the modulating com-
mand consists in operating the corrective command be-
tween a 100% active state and a 100% inactive state.
The lower and/or upper limits "100" may be excluded.
This allows a finest regulation, in order to achieve a sat-
isfactory compromise between the driver and the pas-
senger in terms of thermal comfort.

[0018] In practice, for example:

- the gap between the first local temperature and the
target temperature, on the one hand,

- and the gap between the second local temperature
and target temperature, on the other hand,

may differ by less than 20%, or less than 10%, in absolute
value.

[0019] As a consequence, one of the driver and the
passenger may be a little warmer while the other one is
a little colder, but none of them is exposed to a high tem-
perature difference with respect of the target tempera-
ture.

[0020] Detecting whether a passenger is present or
not can be achieved by means of a sensor located in the
passenger seat, such as a weight sensor. The sensor
can be part of a seat belt reminder system which can be
a conventional equipment of the vehicle. Thus, the in-
vention makes use of an existing system and does not
require the implementation of an additional sensor or sys-
tem. Other passenger detectors can be used, such as a
camera.

[0021] The sun data may be collected by a sun sensor
arranged in the user compartment.

[0022] The invention also relates to a thermal control
system of a cabin of a vehicle, the cabin forming a user
compartment having a driver seat and a passenger seat.
The thermal control system comprises:

- athermal unit capable of changing the inside ambi-
ent temperature (IAT) in the user compartment;

- a control unit capable of controlling the thermal unit
based on a target temperature (Tt);

- asun sensor capable of collecting a so-called "sun
data" representative of at least one parameter which
is related to the sun and which may influence a first
local temperature (T1) in the user compartment,
around the driver seat;

- apassenger detector, capable of detecting whether
a passenger is present, i.e. occupies the passenger
seat, or not.

Moreover, the sun sensor and the passenger detector
are operatively connected to the control unit, so that the
control unit can control the thermal unit depending on the

10

15

20

25

30

35

40

45

50

55

sun data and on the passenger’s presence.

[0023] Such a thermal control system may be regulat-
ed by the method as previously described.

[0024] It has to be noted that the thermal unit may fur-
ther be capable of changing the air distribution and air
flow towards the user compartment.

[0025] The thermal control system may be a mono-
zone thermal control system capable of changing the in-
side ambient temperature in the user compartment as a
whole.

[0026] The passenger detector comprises a sensor lo-
cated in the passenger seat, such as a weight sensor.
[0027] The invention further relates to a cabin of a ve-
hicle. The cabin forms a user compartment having a driv-
er seat and a passenger seat, and comprises a thermal
control system as previously described.

[0028] The invention further relates to a vehicle com-
prising such a cabin.

[0029] Further advantages and advantageous fea-
tures of the invention are disclosed in the following de-
scription and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] With reference to the appended drawings, be-
low follows a more detailed description of embodiments
of the invention cited as examples.

[0031] In the drawings:

Fig. 1is a partial side view of a vehicle having a cabin
in which the regulating method of the invention can
be implemented;

Fig. 2 is a schematic and partial representation of
the vehicle cabin including a thermal control system
that can be regulated with the method according to
the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS OF THE INVENTION

[0032] Figure 1 partially shows a vehicle 100 according
to an embodiment of the invention, in which the method
according to the invention can be implemented.

[0033] The vehicle 100 can be an industrial vehicle
such as a truck. The vehicle 100 comprises a cabin 101
which forms a user compartment 102 in which are ar-
ranged a driver seat 103 and a passenger seat 104. The
cabin 101 further has a windscreen 105 and side walls
106. A dashboard 107 is arranged in the cabin 101.
[0034] The cabin 101 further comprises a thermal con-
trol system 1, illustrated in figure 2. The purpose of the
thermal control system 1 is to bring and maintain the in-
side ambient temperature IAT in the user compartment
102 to a target temperature Tt that is preset by the user,
i.e. the cabin occupant, who can typically be the vehicle
driver.

[0035] The inside ambient temperature IAT can be
measured by a dedicated sensor 2 located in the user
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compartment 102. This sensor 2 can be located in the
dashboard 107, as schematically shown in figure 2. The
inside ambient temperature IAT is meant to represent a
globaltemperature in the user compartment 102 butdoes
not precisely represent local temperatures in the user
compartment 102. Such local temperatures include afirst
local temperature T1 around the driver seat 103, and a
second local temperature T2 around the passenger seat
104.

[0036] The thermal control system 1 basically compris-
es a thermal unit 10 capable of changing the inside am-
bient temperature IAT in the user compartment 2 and a
control unit 20 capable of controlling the thermal unit 10
based on the target temperature Tt.

[0037] The thermal unit 10 can typically include a fan
11, a heater 12 and a cooler 13. By means of the fan 11,
outside air can be sucked in a channel 14, can enter the
thermal unit 10 and pass through the heater 12 and the
cooler 13. Therefore, the thermal unit 10 is capable of
providing a heated or cooled air flow F which will be di-
rected towards the user compartment 102. In practice,
the heater 12 can be a radiator, and the cooler 13 can
be an evaporator forming part of a refrigerant circuit of
an air conditioning system. Such a refrigerant circuit typ-
ically carries arefrigerantin aloop through acompressor,
a condenser, an expander and an evaporator capable of
cooling an air flow directed towards the user compart-
ment 102.

[0038] The thermal control system 1 also comprises
air circuits connected to the thermal unit 10 and designed
to carry some of the air flow towards various locations in
the cabin 101 and to blow it inside the user compartment
102.

[0039] Figure 2 shows one air circuit 15 which has an
inlet 16 connected to the thermal unit 10 and two outlets
17, 18 through which an air sub flow is blown towards
the user compartment 102. The outlets may be located
near each one of the cabin side walls 106. More specif-
ically, the air circuit 15 can include:

- afirst duct 15a having a first outlet 17 which opens
towards the driver seat 103, for blowing air towards
the driver’s torso;

- and a second duct 15b having a second outlet 18
which opens towards the passenger seat 104, for
blowing air towards the passenger’s torso;

the first and second ducts 15a, 15b being connected to
the same inlet 16.

[0040] Partofthe airblown through outlets 17, 18 could
also be directed towards the corresponding adjacent side
wall 106. Although this is not illustrated, the air circuit 15
could be provided with more ducts and/or more outlets.
[0041] Thethermal control system 1 may comprise oth-
er air circuits (not shown), such as: an air conduit for
blowing air towards the windscreen 105 and/or the head
of the cabin occupant(s); an air conduit for blowing air
towards the feet of the cabin occupant(s) and/or the area
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located along the lower part of the side walls 106.
[0042] The thermal control system 1 may be a mono-
zone thermal control system capable of changing the in-
side ambient temperature IAT in the user compartment
102 as a whole.

[0043] In such a mono-zone thermal control system,
one air circuit 15 may be provided with several ducts 15a,
15b each associated with several regions of the user
compartment 102 (typically a first area around the driver
seat 103 and a second area around the passenger seat
104), but these ducts are not independently controlled.
In other words, as compared to a multi zone thermal con-
trol system, it is not possible to provide an air flow having
a first temperature at the outlet 17 and an air flow having
a second temperature - different from the first tempera-
ture - at the second outlet 18.

[0044] The control unit 20 is capable of automatically
controlling parameters of the air flow F, such as the tem-
perature T and the rate Q, in order to reach or maintain
the target temperature Tt in the user compartment 102.
In concrete terms, controlling the air flow temperature T
can be achieved by controlling the heater 12 and the
cooler 13, while controlling the air flow rate Q can be
achieved by controlling the speed of fan 11.

[0045] The vehicle 100 is equipped with sensors ca-
pable of measuring or collecting several data used as
input data for allowing the control unit 20 to appropriately
controlthe thermalunit 10. Each of these sensors, among
which the sensor 2 which measures the inside ambient
temperature |IAT, is operatively connected to the control
unit 20.

[0046] The thermal control system 1 comprises a sun
sensor 3 which is capable of collecting a so-called "sun
data" representative of at least one parameter which is
related to the sun and which may influence the first local
temperature T1 in the user compartment 102, around the
driver seat 103. This parameter can be one of: the sun
presence, the sun position relative to the vehicle cabin
101 (for example on the side of the driver seat 103 or on
the opposite side), the sun intensity. As shown in figure
2, the sun sensor 3 can be located in the user compart-
ment 102, on the top of the dashboard 107, close to the
bottom of the windshield 105.

[0047] The thermal control system 1 further comprises
a passenger detector, which is capable of detecting
whether a passenger is present or not, i.e. whether a
passenger occupies the passenger seat 104 or not. The
passenger detector can comprise a sensor 4 located in
the passenger seat 104, such as a weight sensor. This
sensor 4 can typically be part of a seat belt reminder
system of the vehicle 100. Alternatively, the passenger
detector can comprise a camera 5 which may be ar-
ranged in the user compartment 102.

[0048] The vehicle 100 may be equipped with other
sensors such as an outside ambient temperature sensor,
a windscreen interior side temperature sensor, etc.
[0049] The purpose of the method according to the in-
vention is to regulate the thermal control system 1 to im-
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prove the thermal comfort in the user compartment 102,
for all occupants, whether the driver is alone or a pas-
senger is present.

[0050] According to this method, the control unit 20
provides the thermal unit 10 with various commands de-
pending on the user’s preferences (in particular the target
temperature Tt), passenger presence or absence, and
several input data (in particular the sun data).

[0051] The method comprises controlling the thermal
unit 10 according to a main command CO, with the aim
of having the inside ambient temperature IAT in the user
compartment 102 equal to the target temperature Tt.
[0052] Dependingon the sun data collected by the sun
sensor 3, the control unit 20 provides a corrective com-
mand C1 to the thermal unit 10 for correcting the main
command, in order to reduce the gap between the first
local temperature T1 and the target temperature Tt.
[0053] For example, the corrective command C1 may
consist in requiring that less warm air (or more cold air)
is blown towards the driver seat 103 when the sun is
detected to be on the front of the vehicle 100 or on the
left of the vehicle 100 (with a driver seat 103 located on
the left of the vehicle 100), as compared to the amount
of air that would be blown according to the main com-
mand CO0 alone. Indeed, in such a configuration, the sun
warms the driver and increases the firstlocal temperature
T1. The sun sensor 3 provides the corresponding sun
data to the control unit 20 and, without any action from
the driver, the operation of the thermal unit 10 is auto-
matically corrected so the thermal unit 10 provides less
warm air or more cold air.

[0054] On the contrary, when the sun is detected to be
on theright of the vehicle 100, resulting in the driver being
on the shade, the corrective command C1 may consist
in automatically correcting the operation of the thermal
unit 10 so that it provides more warm air or less cold air,
as compared to the amount of air that would be blown
according to the main command CO alone.

[0055] When no sun is detected, the corrective com-
mand C1 may be nil as, with this configuration, the first
local temperature T1 is substantially identical to the in-
side ambient temperature IAT.

[0056] In practice, the corrective command C1 may
consist in correcting the target temperature Tt to a cor-
rected targettemperature Tt1 which can be lower or high-
er than the target temperature Tt, depending on the sun
data. The thermal unit 10 is then controlled by the control
unit 20 with the aim of having the inside ambient temper-
ature IAT in the user compartment 102 equal to the cor-
rected target temperature Tt1.

[0057] It can be understand from the above explana-
tion that the corrective command C1 improves the ther-
mal comfort of the driver, but can worsen the thermal
comfort of the passenger. For example, when the sun is
detected to be on the left of the vehicle 100, the passen-
ger is on the shade and therefore the second local tem-
perature T2 can be lower than the inside ambient tem-
perature IAT. As the air conducts 15a and 15b of the air
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circuit 15 are controlled as a whole, correcting the oper-
ation of the thermal unit 10 to provide less warm air (or
more cold air) through the first outlet 17, for improving
the driver's thermal comfort, also means providing less
warm air (or more cold air) through the second outlet 18,
towards the passenger. This results in further lowering
the second local temperature T2, i.e. to affect the thermal
comfort of the passenger.

[0058] To avoid this drawback, the method according
to the invention further comprises, if a passenger is
present, providing a modulating command C2 to the ther-
mal unit 10 for modulating the corrective command C1,
in order to reduce the gap between the first local temper-
ature T1 and the second local temperature T2.

[0059] The modulating command C2 may consist in
deactivating the corrective command C1.

[0060] Thus, with the above example, the thermal com-
fort of the passenger will not be worsen; the thermal com-
fort of the driver will not be improved as compared to the
main command, but will still be acceptable. The method
thus allows achieving a compromise as regards the ther-
mal comfort of the driver and the passenger.

[0061] Alternatively, the modulating command C2 may
consist in operating the corrective command between a
100% active state and a 100% inactive state, with the
lower and upper limits "100" being excluded. In other
words, the thermal comfort of the driver may be improved
to some extent, while the thermal comfort of the passen-
ger is not greatly affected. Such a modulating command
C2 may resultin the control unit 20 controlling the thermal
unit to get to an inside ambient temperature IAT substan-
tially equal to a modulated target temperature Tt2. This
modulated target temperature Tt2 can be comprised be-
tween the target temperature Tt and the corrected target
temperature Tt1.

[0062] This embodiment of the invention makes it pos-
sible to optimize the global thermal comfort, i.e. to
achieve a compromise between the first local tempera-
ture T1 and the second local temperature T2.

[0063] In case no passenger is present, then no mod-
ulating command C2 is provided to the thermal unit 10.
In other words, with the invention, the thermal comfort of
the driver remains optimized as a function of the sun
when the driver is alone in the user compartment 102.
[0064] Itis to be understood that the present invention
is not limited to the embodiments described above and
illustrated in the drawings; rather, the skilled person will
recognize that many changes and modifications may be
made within the scope of the appended claims.

Claims

1. A method for regulating a thermal control system (1)
of a cabin (101) of a vehicle (100), the cabin (101)
forming a user compartment (102) having a driver
seat (103) and a passenger seat (104), the thermal
control system (1) comprising a thermal unit (10) and
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a control unit (20) capable of controlling the thermal
unit (10), the method comprising:

- controlling the thermal unit (10) according to a
main command (CO0), with the aim of having an
inside ambient temperature (IAT) in the user
compartment (102) equal to a target tempera-
ture (Tt);

- collecting a so-called "sun data" representative
of at least one parameter which is related to the
sun and which may influence a first local tem-
perature (T1) in the user compartment (102),
around the driver seat (103);

- depending on said sun data, providing a cor-
rective command (C1) to the thermal unit (10)
for correcting the main command (CO0), in order
to reduce the gap between the first local tem-
perature (T1) and the target temperature (Tt);

- detecting whether a passenger is present, i.e.
occupies the passenger seat (104), or not;

- if a passenger is present, providing a modulat-
ing command (C2) to the thermal unit (10) for
modulating the corrective command (C1), in or-
der to reduce the gap between thefirst local tem-
perature (T1) and a second local temperature
(T2) in the user compartment (102), around the
passenger seat (104).

The method according to claim 1, characterized in
that the parameter is one of: the sun presence, the
sun position relative to the vehicle cabin (101), the
sun intensity.

The method according to claim 1 or claim 2, char-
acterized in that, if no passenger is present, then
no modulating command (C2) is provided to the ther-
mal unit (10).

The method according to any one of claims 1 to 3,
characterized in that the modulating command
(C2) consists in deactivating the corrective com-
mand (C1).

The method according to any one of claims 1 to 3,
characterized in that the modulating command
(C2) consists in operating the corrective command
(C1) between a 100% active state and a 100% inac-
tive state.

The method according to any one of claims 1 to 5,
characterized in that detecting whether a passen-
geris presentornotis achieved by means of a sensor
(4) located in the passenger seat (104), such as a
weight sensor.

The method according to any one of claims 1 to 6,
characterized in that the sun data is collected by a
sun sensor (3) arranged in the user compartment
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10.

1.

12.

(102).

A thermal control system (1) of a cabin (101) of a
vehicle (100), the cabin (101) forming a user com-
partment (102) having a driver seat (103) and a pas-
senger seat (104), the thermal control system (1)
comprising:

- a thermal unit (10) capable of changing the
inside ambient temperature (IAT) in the user
compartment (102);

- a control unit (20) capable of controlling the
thermal unit (10) based on a target temperature
(Tt);

- a sun sensor (3) capable of collecting a so-
called "sun data" representative of at least one
parameter which is related to the sun and which
may influence a first local temperature (T1) in
the user compartment (102), around the driver
seat (103);

- a passenger detector (4), capable of detecting
whether a passenger is present, i.e. occupies
the passenger seat (104), or not;

wherein the sun sensor (3) and the passenger de-
tector (4) are operatively connected to the control
unit (20), so that the control unit (20) can control the
thermal unit (10) depending on the sun data and on
the passenger’s presence.

The thermal control system according to claim 8,
characterized in thatitis a mono-zone thermal con-
trol system capable of changing the inside ambient
temperature (IAT) in the user compartment (102) as
a whole.

The thermal control system according to claim 8 or
claim 9, characterized in that the passenger detec-
tor (4) comprises a sensor located in the passenger
seat (104), such as a weight sensor.

A cabin (101) of a vehicle (100), the cabin (101) form-
ing a user compartment (102) having a driver seat
(103) and a passenger seat (104), wherein the cabin
(101) further comprises a thermal control system (1)
according to any one of claims 8 to 10.

A vehicle (100) comprising a cabin (101) according
to claim 11.
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